RADIO LUCENT AIMING GUIDE 

FIELD OF INVENTION 

5 The present invention relates to an aiming guide for use with an X-ray or other 

radiation source for accurately positioning a trocar or drill over the holes in the distal end of 
an implanted intramedullary nail and drilling through such holes and the surrounding bone 
material. 

10 BACKGROUND OF INVENTION 

Intramedullary nails are used to aid in the healing of fractured bones. A nail is 
implanted in the medullary canal of the bone across the fracture site in order to position the 
bone fragments and provide load-bearing support so that the patient can move about while 
the bone is healing. The nail is secured to the bone by a series of locking screws or fixation 

15 bolts, which must pass through holes in the nail and into the surrounding bone material. 

After the nail is inserted into the medullary canal, the distal end of the nail is no. 
longer visible to the eye. The nail can be viewed with the use of an X-ray or other radiation 
source because it is constructed of stainless steel or other radiopaque material. The nail will 
cast a dark, elongate image on the X-ray monitor, while the nail holes will appear as light 

20 circles or ovals. In particular, a nail hole will appear as a circle when the X-ray source is 
positioned such that the X-ray beam is parallel to the axis of the nail hole. 

In order to secure the nail to the bone, a trocar or scalpel is used to make an incision 
through the soft tissue to the bone material, and a drill is used to drill through the nail hole 
and surrounding bone material for insertion of the locking screw. An aiming guide is used 

25 with the X-ray source in order to accurately position the trocar and surgical drill over the 
nail holes. 

Various aiming guides are already known in the art, such as those disclosed in U.S. 
Patent Nos. 4,969,889, 4,917,1 1 1, and 5,478,343. In general, each of those devices has a 
handle portion constructed of a radiolucent material, such as plastic, which is relatively 

30 invisible to X-rays and thus will not cast a strong image on the X-ray monitor. Certain 
radiopaque aiming components, such as metal rings or other structures, are attached to or 
located within the distal end of the radiolucent handle. The radiopaque components will 
cast a definite image on the X-ray monitor when the X-ray source is turned on. The aiming 
guide is then positioned over the nail in such a manner that the image(s) cast by the 

35 radiopaque aiming components is (are) superimposed over the circular image of the nail 
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hole on the X-ray monitor. Once the aiming guide is properly positioned over the nail hole, 
a trocar is used to make an incision to the surface of the bone above the nail hole, and a drill 
can be used to drill accurately through the nail hole and surrounding bone material for 
insertion of the locking screws. 

Certain aiming guides, such as that disclosed in U.S. Patent No. 4,969,889, contain 
substantial radiopaque components and thus tend to be rather heavy and bulky. Other 
aiming guides, such as that disclosed in U.S. Patent No. 5,478,343, require the simultaneous 
manipulation of more than one instrument in order to locate and drill through the nail hole. 
Also, the protection sleeves and trocars used in the prior art were constructed entirely or 
substantially of metal, which made them heavy and tended to obstruct the view on the X-ray 
monitor. A more compact, unitary, and lighter weight aiming guide having fewer 
radiopaque components would prove advantageous. 



SUMMARY OF THE INVENTION 

The present invention is a radiolucent aiming guide that is used with an X-ray source 
to accurately position a trocar or drill over a nail hole in order to make the incision and hole 
for insertion of a locking screw. The aiming guide has an elongate handle constructed of a 
radiolucent material to place the surgeon's hands at a distance away from the area of the X- 
ray beam. A threaded hole, running perpendicular to the longitudinal axis of the handle, is 
located at each end of the handle. A hollow, cylindrical protection sleeve is screwed into 
one of the threaded holes in the handle. A protection sleeve is constructed substantially of a 
radiolucent material, with the exception of the tip at its distal end, which is made of metal or 
another radiopaque material that casts a dark image on the X-ray monitor. A trocar is 
inserted into the protection sleeve for making the incision to the bone. The trocar is 
constructed substantially of a radiolucent material except for the solid pointed tip at its 
distal end, which is constructed of metal or another radiopaque material. The radiopaque tip 
of the trocar will cast a dark image within the image cast by the radiopaque tip of the 
protection sleeve. 

The aiming guide is positioned over the limb such that the longitudinal axes of the 
trocar and protection sleeve are aligned parallel to the direction of the X-ray beam. When 
the aiming guide is positioned in that fashion, the radiopaque tips at the distal ends of the 
protection sleeve and trocar will cast concentric circular images on the X-ray monitor. The 
aiming guide is moved until those concentric circular images are superimposed over the 
circular image of the nail hole, which indicates that the protection sleeve and trocar are in 
alignment with the nail hole. 
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The proper rotational alignment of the aiming guide with respect to the nail hole is 
checked by means of two radiopaque pins, which lie parallel to and on either side of the 
longitudinal axis of the handle near the threaded hole. Those two pins cast dark images on 
the X-ray monitor on either side of the image of the nail when the aiming guide is properly 
oriented with respect to the nail. Once the aiming guide is accurately oriented over the nail 
hole, the trocar is used to remove the soft tissue lying above the nail hole. 

After the soft tissue has been scraped away, the trocar is withdrawn and replaced 
with a hollow, essentially cylindrical drill sleeve. The drill sleeve is constructed of a 
radiolucent material that does not cast an image on the X-ray monitor. A drill bit connected 
0 to a surgical drill is then inserted through the drill sleeve. The drill bit is constructed of a 
radiopaque material that, like the trocar tip, creates a solid circular image on the X-ray 
monitor when the longitudinal axis of the drill bit is aligned parallel to the X-ray beam. 
That image can be used to ensure the proper alignment of the drill bit with the nail hole. 
Once the drill bit is properly aligned, the drill bit is drilled through the nail hole and the 
5 surrounding bone material. 

After the drill bit is drilled through the first nail hole, the bit is detached from the 
drill and left in place in the bone. The aiming guide and protection sleeve are removed and 
rotated, so that the proximal end of the drill bit, which is extending out of the bone, can be 
inserted through a small hole located in the handle of the aiming guide. The axis of that 
small hole is parallel to that of the larger threaded hole that secures the protection sleeve. 
The distance between the axes of the large and small holes in the handle is the same as the 
distance between the two holes in the distal end of the nail. Thus, when the handle is 
reversed and the drill bit inserted into the smaller hole, the protection sleeve, which is 
located in the larger hole, is essentially aligned with the second hole in the nail. The 
concentric circular images cast by the protection sleeve and trocar on the X-ray monitor can 
then be used, as before, to ensure the proper alignment of the aiming guide with the second 
nail hole. 

The protection sleeve and trocar are used, as before, to remove the soft tissue over 
the second nail hole. The trocar is then replaced with a drill sleeve and a second drill bit. 
The second drill bit is drilled accurately through the second nail hole and the surrounding 
bone material in the manner described above. The second drill bit and the drill sleeve are 
removed, and a locking screw is inserted through the protection sleeve and screwed through 
the bone and second nail hole to secure the nail to the bone. The aiming guide and 
protection sleeve are then repositioned over the first drill bit, which is still located in the 
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bone and nail. The first drill bit is removed, and a second locking screw is inserted through 
the sleeve and screwed through the bone and first nail hole to secure the nail to the bone. 

BRIEF DESCRIPTION OF DRAWINGS 
Preferred features of the present invention are disclosed in the accompanying 
5 drawings, wherein similar reference characters denote similar elements throughout the 
several views, and wherein: 

FIG. 1 shows a side view of the handle of the radiolucent aiming guide; 
FIG. 2 shows a side view of a typical protection sleeve; 
FIG. 3 shows a side view of a typical trocar; 
10 FIG. 4 shows a side view of a typical drill sleeve; 

FIG. 5 shows a side view of a typical drill bit; 

FIG. 6 shows an assembly of the handle, protection sleeve, and trocar, as they would 
be used to align the aiming guide with the first hole in the distal end of the intramedullary 
nail and to remove the soft tissue lying above the area of said first nail hole; 
15 FIG. 7 shows an assembly of the handle, protection sleeve, drill sleeve, and drill bit, 

as they would be used to align the aiming guide with the first hole in the distal end of the 
intramedullary nail and to drill through said first nail hole; and 

FIG. 8 shows an assembly of the handle, protection sleeve, drill sleeve, and drill bit, 
as they would be used to align the aiming guide with the second hole in the nail and to drill 
20 through said second nail hole. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to FIGS. 1-5, the radiolucent aiming guide is comprised of five major 
components — the handle 1, the protection sleeve 20, the trocar 30, the drill sleeve 40, and 
25 the drill bit 50. The construction of each of those components and the manner in which they 
are used are described below. 

As shown in FIG. 1, the handle 1 of the aiming guide is an elongate member that is 
constructed substantially of a radiolucent material, such as plastic, which does not create an 
image on an X-ray monitor 71 when exposed to X-rays. The largest component of the 
30 handle 1 is the grip portion 3, into which are formed grooves 2 to improve the surgeon's 
hold on the aiming guide during surgery. The elongate shape of the handle 1 places the 
surgeon's hands at a safe distance away from the area that is exposed to X-rays. 

In the preferred embodiment, end portions 4 and 1 1 are attached to the ends of the 
grip portion 3. The end portions 4 and 1 1 are almost identical in design, with the exception 
35 that the holes 8 and 12 are of different diameters in order to accommodate drill bits of 
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different sizes. To help distinguish between the two sizes, the end portions 4 and 1 1 are 
connected to colored washers 14 and 15, respectively. The colored washers 14 and 15 are 
color-coded with the type of screw to be inserted. The end portions 4 and 1 1 are also 
oriented at 90 degrees with respect to each other about the longitudinal axis of the handle 1 . 
5 In an exemplary embodiment, end portion 4 and colored washer 1 5 are attached to 

the grip portion 3 by means of a male portion 5, which passes through the colored washer 15 
and fits into a matching recess in the grip portion 3. A pin 6 is used to secure end portion 4 
to grip portion 3. A similar arrangement (not shown in FIG. 1) is used to attach end portion 
1 1 and colored washer 14 to grip portion 3. 
10 A threaded hole 9 passes through end portion 4, perpendicular to the longitudinal 

axis of the grip portion 3. Threaded hole 9 is designed to engage the threaded head 21 of 
the protection sleeve 20, shown in FIG. 2. A second threaded hole 10 likewise passes 
through end portion 1 1, albeit perpendicular to both the longitudinal axis of the grip portion 
3 and the axis of the first threaded hole 9. FIGS. 6 and 7 show a side view of the protection 
15 sleeve 20 fitted into the threaded hole 10 of end portion 1 1 . 

Also passing through end portion 4 is a second, smaller hole 8. The axis of hole 8 is 
parallel to that of the larger, threaded hole 9. The diameter of hole 8 is sized so that it can 
receive the proximal end 5 1 of drill bit 50. A similar hole 12 passes through the end portion 
1 1, parallel to the longitudinal axis of the threaded hole 10. However, hole 12 has a 
20 different diameter than hole 8 in order to accept a drill bit 50 with a different diameter. As 
shown in FIGS. 6-8, the distance between the axes of holes 10 and 12, as well as the 
distance between the axes of holes 8 and 9, is equal to the distance between the holes 62 and 
63 in the distal end of the intramedullary nail 61. That design facilitates the location of the 
second hole 63 in the nail 61 after a drill bit 50 has been successfully drilled through the 
25 first hole 62 in the nail 6 1 . 

End portion 4 also contains a pair of elongate pins 7, which are constructed of metal 
or another radiopaque material. Pins 7 are parallel to the longitudinal axis of the handle 1, 
and lie on either side of and equidistant from that longitudinal axis. The plane on which 
pins 7 rest is perpendicular to the axis of the threaded hole 9. A similar pair of radiopaque 
30 pins 13 is located in end portion 11. Pins 13, like pins 7, are parallel to the longitudinal axis 
of handle 1 and lie on either side of and equidistant from that longitudinal axis. The plane 
on which both pins 13 rest is perpendicular to the longitudinal axis of the threaded hole 10 
in end portion 1 1. As described in more detail below, the radiopaque pins 7 or 13 are used 
to help ensure the proper rotational alignment of the aiming guide with respect to the hole 
35 62 or 63 in the intramedullary nail 61, shown in FIGS. 6-8. 
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FIG. 2 shows the protection sleeve 20. The protection sleeve 20 has a hollow 
cylindrical shaft portion 22 with a threaded head 21 for engagement with the threaded hole 9 
or 10 in the handle 1 . As shown in FIGS. 6-8, the longitudinal axis of the protection sleeve 
20 is perpendicular to that of the handle 1 when the protection sleeve 20 is fitted into the 

5 threaded hole 9 or 10. Whereas protection sleeves used in the art are constructed entirely or 
substantially of metal, a radiopaque material, the present protection sleeve 20 is constructed 
substantially of a radiolucent material, with the exception of the tip 23 at its distal end, 
which is constructed of metal or another radiopaque material. The tip 23 has a roughened 
surface that can dig into the surface of the bone and thereby help prevent the aiming guide 

10 from slipping off the bone. When the longitudinal axis of the protection sleeve 20 is aligned 
parallel to the X-ray beam from the X-ray source 70, the radiopaque tip 23 will cast a dark 
circular image on the X-ray monitor 71 . That dark circular image is used to align the aiming 
guide with the nail hole, described in more detail below. The present protection sleeve 20 is 
lighter in weight and does not obstruct the image on the X-ray monitor 71 to the same 

15 degree as the all-metal protection sleeves used in earlier aiming guides. Protection sleeves 
20 may be made of various lengths in order to accommodate the varying thickness of the 
soft tissue. 

The protection sleeve 20 is used in conjunction with the trocar 30, shown in FIG. 3. 
The trocar 30 has a solid, cylindrical shaft portion 32, which is sized to fit within the hollow 

20 cylindrical portion 22 of the protection sleeve 20. At the proximal end of the trocar 30 is a 
head portion 31, which rests above the top of the protection sleeve 20. Like the protection 
sleeve 20, the trocar 30 is constructed substantially of a radiolucent material, with the 
exception of the pointed tip 33 at its distal end, which is constructed of metal or another 
radiopaque material. In contrast, trocars previously used in the art were constructed entirely 

25 or substantially of metal, and thus were heavier and tended to obstruct the image on the X- 
ray monitor 71 to a greater degree than the present invention. 

When the longitudinal axes of the trocar 30 and protection sleeve 20 are aligned 
parallel to the X-ray beam from X-ray source 70, the radiopaque tip 33 of the trocar and the 
radiopaque tip 23 of the protection sleeve will cast dark concentric circular images. Those 

30 concentric circular images are used to align the trocar 30 and protection sleeve 20 with the 
hole 62 or 63 in the nail 61. The surgeon will know the alignment is proper when the 
concentric circular images cast by the tips 23 and 33 of the protection sleeve and trocar, 
respectively, are superimposed over the circular image of the nail hole. The trocar 30 is 
used to aid in inserting the protection sleeve 20 through the soft tissue to the bone and to 

35 ensure that soft tissue does not enter the hollow inner portion of the protection sleeve 20. 
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The fourth major component of the aiming guide is the drill sleeve 40, which is 
shown in FIG. 4. The drill sleeve 40 is sized to fit within the protection sleeve 20 after the 
trocar 30 is removed. The drill sleeve 40 has a hollow, cylindrical shaft portion 42 and a 
head portion 41 at its proximal end. The drill sleeve 40 is constructed of a radiolucent 

5 material that does not cast an image on the X-ray monitor 71. 

Finally, the aiming guide is used in conjunction with a drill bit 50. The shank 52 of 
the drill bit 50 is slightly smaller than the inner bore of the cylindrical shaft portion 42 of the 
drill sleeve 40. The drill bit 52 is constructed of metal, a radiopaque material, and thus casts 
a small dark circular image on the X-ray monitor 71 when its longitudinal axis is aligned 

10 parallel to the direction of the X-ray beam from X-ray source 70. The smaller holes 8 and 
12 in the end portions 4 and 1 1, respectively, are sized to receive the head 51 of the drill bit 
50 in the manner described below. 

The aiming guide is used in the following fashion. A surgeon inserts the nail 61 into 
the medullary canal of the bone 60 across the area of the fracture. The X-ray source 70 and 

15 X-ray monitor 71 are positioned on either side of the area of the fracture. In particular, the 
X-ray source 70 is positioned so that hole 62 appears as a circle on the X-ray monitor 7 1 , 
which indicates that the X-ray beam is parallel to the axis of hole 62. The part of the limb 
to be nailed is covered by a sterile radiation shield (not shown), except for the area directly 
above the distal holes in the intramedullary nail, which is left exposed. A scalpel or scissors 

20 (not shown) is then positioned over the nail hole 62 so that the X-ray monitor 71 shows the 
image cast by the tip of the scalpel to fall within the image of the hole 62 of the 
intramedullary nail 61 . An incision is then made over the first nail hole 62. The process is 
repeated to make an incision over the second nail hole 63. 

As shown in FIG. 6, the aiming guide is assembled by screwing the head 21 of the 

25 protection sleeve 22 into the threaded hole 9 or 10 of the handle portion 1 . The trocar 30 is 
then inserted into the protection sleeve 20 so that the tip 33 of the trocar 30 extends slightly 
beyond the end 23 of the protection sleeve 20. When the axes of the protection sleeve 20 
and trocar 30 are aligned with the direction of the X-ray beam from the X-ray source 70, 
their radiopaque tips 23 and 33, respectively, will form dark concentric circles on the 

30 monitor. The aiming guide is then moved until the concentric circular images cast by the 
tips 23 and 33 are centered on the image of the nail hole 62. The protection sleeve 20 and 
trocar 30 are then pressed into the incision above the nail hole 62 and through the soft tissue 
until they contact the cortex of the bone above the hole 62. The trocar 30 is used to remove 
the soft tissue lying above the hole 62. To prevent accidental lateral displacement of the 

35 
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aiming guide, the aiming guide is pressed firmly against the bone 60 so that the tip 23 of the 
protection sleeve 20 digs slightly into the surface of the bone 60. 

The rotational alignment of the aiming guide can be checked by viewing the images 
cast by the pair of radiopaque pins 13 in the end portion 1 1 (or the pair of radiopaque pins 7, 

5 if end portion 4 is used instead). If the aiming guide is slightly rotated about the tip 23 of 
the protection sleeve 20, the distance between the images of the pair of radiopaque pins 13 
will appear to expand or contract on the X-ray converter 71, as the protection sleeve 20 is 
brought into or out of alignment with the X-ray beam. When the images cast by the 
radiopaque pins 13 appear to lie on either side of and equidistant from the image of the nail 
10 61, the surgeon will know that the longitudinal axes of the protection sleeve 20 and trocar 
30 are properly aligned with the X-ray beam and thus with the nail hole 62. 

After the protection sleeve 20 and trocar 30 are properly aligned with the nail hole 
62 and the soft tissue above the nail hole 62 is removed, the trocar 30 is withdrawn from the 
protection sleeve 20 and replaced with the drill sleeve 40. The drill bit 50 is then inserted 

15 through the drill sleeve 40, as shown in FIG. 7. When the axes of the protection sleeve 20 
and drill bit 50 are properly aligned with the X-ray beam and the nail hole 62, the 
radiopaque tip 23 of the protection sleeve 20 and the drill bit 50 will cast dark concentric 
circular images over the image of the nail hole 62 on the X-ray converter 71 . The drill bit 
50 is then used to drill accurately through the nail hole 62 and surrounding bone material. 

20 After the drill bit 50 is drilled through the nail hole 62, the head 51 of the drill bit 50 

is disconnected from the power drill (not shown), and the aiming guide, including the 
protection sleeve 20 and drill sleeve 40, is lifted up, leaving drill bit 50 in place in the bone 
60 and nail 61. The drill sleeve 40 is removed from the protection sleeve 20 and replaced 
with the trocar 30. As shown in FIG. 8, the aiming guide is then turned 180 degrees about 

25 the longitudinal axis of the protection sleeve 20, and the head portion 51 of the drill bit 50 is 
inserted through the small hole 12 in end portion 1 1 (or through the small hole 8, if end 
portion 4 is being used instead). The distance between the axes of the threaded hole 1 0 and 
the small hole 12 in end portion 1 1 (like the distance between small hole 8 and threaded 
hole 9 in end portion 4) is equal to the distance between the nail holes 62 and 63. Thus, by 

30 reversing the handle 1 and inserting the head 51 of the drill bit 50 into the small hole 12, the 
protection sleeve 20 and trocar 30 are automatically closely aligned with the second hole 63 
of the nail 61. The protection sleeve 20 and trocar 30 can then be precisely aligned with the 
nail hole 63 using the X-ray images of their radiopaque tips 23 and 33, respectively, in the 
manner described above. The trocar is used to remove the soft tissue above the nail hole 63, 

35 after which the trocar 30 is removed and replaced by the drill sleeve 40 and a second drill 
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bit 80. The concentric circular images cast by the second drill bit 80 and the radiopaque tip 
23 of protection sleeve 20 are then used to precisely align the second drill bit 80 with the 
nail hole 63, in the same manner as described above. The second drill bit 80 is then 
accurately drilled through the second nail hole 63 and the surrounding bone material 60. 

5 The second drill bit 80 and drill sleeve 40 are removed, and a locking screw (not shown) is 
inserted through the protection sleeve 20 and screwed through the bone 60 and second nail 
hole 63 to secure the nail 61 to the bone 60. The aiming guide and protection sleeve 20 are 
then repositioned over the first drill bit 50, which is still located in the bone 60. The first 
drill bit 50 is then removed, and a second locking screw (not shown) is inserted through the 

10 protection sleeve 20 and screwed through the bone 60 and the first nail hole 62 to secure the 
nail 61 to the bone 60. 

While the various descriptions above relate to a particular embodiment of the 
invention, it should be understood that the various features can be used singly or in any 
combination thereof. Therefore, this invention is not to be limited to the specific preferred 

1 5 embodiment depicted herein. 

Further, it should be understood that variations and modifications within the spirit 
and scope of the invention may occur to those skilled in the art to which the invention 
pertains. Accordingly, all expedient modifications readily attainable by one versed in the art 
from the disclosure set forth herein that are within the scope and spirit of the present 

20 invention are to be included as further embodiments of the present invention. The scope of 
the present invention is accordingly defined as set forth in the appended claims. 
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